NASA/CP — 2006-214329/VOL2 



Seals/Secondary Fluid Flows Workshop 1997 

HSR Engine Special Session 


May 2006 



NASA STI Program ... in Profile 


Since its founding, NASA has been dedicated to the 
advancement of aeronautics and space science. The 
NASA Scientific and Technical Information (STI) 
program plays a key part in helping NASA maintain 
this important role. 

The NASA STI Program operates under the auspices 
of the Agency Chief Information Officer. It collects, 
organizes, provides for archiving, and disseminates 
NASA’s STI. The NASA STI program provides access 
to the NASA Aeronautics and Space Database and its 
public interface, the NASA Technical Reports Server, 
thus providing one of the largest collections of 
aeronautical and space science STI in the world. 
Results are published in both non-NASA channels and 
by NASA in the NASA STI Report Series, which 
includes the following report types: 

• TECHNICAL PUBLICATION. Reports of 
completed research or a major significant phase 
of research that present the results of NASA 
programs and include extensive data or theoretical 
analysis. Includes compilations of significant 
scientific and technical data and information 
deemed to be of continuing reference value. 
NASA counterpart of peer-reviewed formal 
professional papers but has less stringent 
limitations on manuscript length and extent of 
graphic presentations. 

• TECHNICAL MEMORANDUM. Scientific 
and technical findings that are preliminary or 
of specialized interest, e.g., quick release 
reports, working papers, and bibliographies that 
contain minimal annotation. Does not contain 
extensive analysis. 

• CONTRACTOR REPORT. Scientific and 
technical findings by NASA-sponsored 
contractors and grantees. 


• CONFERENCE PUBLICATION. Collected 
papers from scientific and technical 
conferences, symposia, seminars, or other 
meetings sponsored or cosponsored by NASA. 

• SPECIAL PUBLICATION. Scientific, 
technical, or historical information from 
NASA programs, projects, and missions, often 
concerned with subjects having substantial 
public interest. 

• TECHNICAL TRANSLATION. English- 
language translations of foreign scientific and 
technical material pertinent to NASA’s mission. 

Specialized services also include creating custom 

thesauri, building customized databases, organizing 

and publishing research results. 

For more information about the NASA STI 

program, see the following: 

• Access the NASA STI program home page at 
http://www.sti.nasa.gov 

• E-mail your question via the Internet to 
help@sti. nasa.gov 

• Fax your question to the NASA STI Help Desk 
at 301-621-0134 

• Telephone the NASA STI Help Desk at 
301-621-0390 

• Write to: 

NASA STI Help Desk 

NASA Center for AeroSpace Information 

7121 Standard Drive 

Hanover, MD 21076-1320 



NASA/CP— 2006-2 14329/VOL2 



Seals/Secondary Fluid Flows Workshop 1997 

HSR Engine Special Session 


Proceedings of a conference held at and sponsored by 
Glenn Research Center 
Cleveland, Ohio 
October 15-16, 1997 


National Aeronautics and 
Space Administration 


Glenn Research Center 
Cleveland, Ohio 44135 


May 2006 



ERRATA 


NASA/CP— 2006-2 14329/VOL2 

Seals/Secondary Fluids Workshop 1997 
HSR Engine Special Session 


The correct title is Seals/Secondary’ Fluid Flows Workshop 1997 
HSR Engine Special Session 

This printing reflects that correction. 

This research was originally published internally as HSR064 November 1997 


Note that at the time of writing, the NASA Lewis Research Center 
was undergoing a name change to the 
NASA John H. Glenn Research Center at Lewis Field. 

Both names may appear in this report. 


This report contains preliminary findings, 
subject to revision as analysis proceeds. 


Contents were reproduced from the best available copy 
as provided by the authors. 


Trade names and trademarks are used in this report for identification 
only. Their usage does not constitute an official endorsement, 
either expressed or implied, by the National Aeronautics and 
Space Administration. 


Level of Review. This material has been technically reviewed by technical management. 


Available from 


NASA Center for Aerospace Information 
7121 Standard Drive 
Hanover, MD 21076-1320 


National Technical Information Service 
5285 Port Royal Road 
Springfield, VA 22161 


Available electronically at http://gltrs.grc.nasa.gov 



TABLE OF CONTENTS 

Volume II 


HSR OVERVIEW 1 

BASELINE HSR INLET AND ENGINE BAY COWL SEAL REQUIREMENTS 

David Sandquist, Boeing 17 

HSCT ANTICIPATED SEAL NEEDS TURBOMACHINERY SEALS COMBUSTOR SEALS 

John Henry, General Electric Co 59 

SEAL DEVELOPMENT FOR THE HSCT COMBUSTOR 

David C. Jarmon, United Technologies Research Center 87 

HSCT EXHAUST SYSTEM ANTICIPATED SEAL NEEDS 

Larry Vacek, General Electric Ill 


iii 


NASA/CP— 2006-2 14329/VOL2 




SEALS AND SECONDARY FLOW NEEDS 
HSR OVERVIEW 
R.C. Hendricks and B. M. Steinetz 

The leading Aeronautics program within NASA is the High Speed Research Program 
(HSR). The HSR program’s highest priorities are high pay-off technologies for airframe 
and propulsion systems required for a high speed civil transport (HSCT). These priorities 
have been developed collaboratively with NASA, FAA and the US Industry (Boeing- 
McDonnell Douglas, Pratt & Whitney and General Electric). 

Phase one of the HSR program started in 1990, and concentrated on the environmental 
challenges of minimizing NOx and noise. The first program goal is to reduce the NOx 
emission index to less than 5 (Concord NOx index is 20 and is unacceptable), in order to 
have little impact on the earth’s ozone layer. The second goal is to reduce noise levels to 
FAR Stage 3 (or better), comparable to those of subsonic aircraft (far below the Concorde 
noise levels that require exemptions from less stringent standards). This requirement 
greatly impacts the nozzle design increasing its length and complexity and poses unique 
sealing challenges. 

Phase two started in 1993 and initiated work on the technologies required for an 
economical HSCT. Materials technologies under development include a ceramic-matrix- 
composite combustion liner, lightweight materials for the nozzle, as well long-life 
turbomachinery disk and blade alloys. Other required materials are being developed 
under the DOD-IHPTET program, where there is close cooperation. 

Economic goals translate into the development of technologies for tri-class service, 5000 
nautical mile range aircraft with a ticket price no more than 20% over the subsonic ticket 
price. The potential market could be as large as 1500 aircraft, according to a Boeing 
study. Technology alone will not enable this airplane, yet without enabling technologies 
“on the shelf’, it will not occur. 

The HSCT engine will be the largest engine ever built and operate at maximum 
conditions for long periods of time posing a number of challenges. The HSR engine 
mission requires that rotating equipment stay at take-off condition temperatures for hours 
not minutes per flight. Hence rotating equipment and seals must operate for many 
thousands of hours at extreme temperatures. It is anticipated that the nozzle will be 12 
feet long and roughly 4 ft. by 5 ft. in cross-section with a nominal airflow of 800 lbs/sec. 
The complex functions of the nozzle (including an ejector for noise attenuation) 
combined with long life place new demands on nozzle seal design. Three inlet 
configurations are under consideration with attendant sealing challenges, as will be 
illustrated herein. Four of these engines are required to propel a 5000 nautical mile class 
vehicle which demand that component reliability be at the highest possible level. 

In response, an HSR seals session was implemented as a part of the 1997 -Seals and 
Secondary Flow Workshop. Overview presentations were given for each of the following 
areas: inlet, turbomachinery, combustor and nozzle. The HSCT seal issues center on 
durability and efficiency of rotating equipment seals (including brush seals), structural 
seals (including rope seals and other advanced concepts), and high-speed bearing and 
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sump seals. Tighter clearances, propulsion system size and thermal requirements 
represent extremes that challenge the component designers. 

This document provides an initial step toward defining HSR seal needs. The overview for 
HSR seal designs includes, defining seal objectives, summarizing sealing and materials 
requirements, presenting relevant seal cross-sections, and identifying technology needs 
for the HSR office. 
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Potential for $200 Billion in Sales & 140,000 New Jobs 


HSR II A Propulsion Development Path 



Note: SMP=System Mechanical Performance 
AMT=Accelerated Mission Test 































HSR Key Propulsion Technologies 
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HSR HSCT Market Estimate 



HSR 



11/96 18/97 
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Artist’s concept of the full scale HSCT propulsion system 


HSCT Engine Design Challenges 
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TRANSPORT FIGHTER TRANSPORT 

Total High Temperature/High Stress Operation (hours) <300 <400 9,500 

Sustained High Temperature/High Stress Operation (hours) q.03 0.15 2.0 




HSCT Seals Issues and Challenges 
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• Inlet centerbody 

High-speed seals for the bearing compartment 



HSR Seals Session Goals and Objectives: 


<u 

S3 



C/3 

a> 

33 

C/5 

Ip 



1/5 

<D 



• H 

P 



"O 

<D 

■_ 



& 

o 

CD 



»— H 

43 



J-h 

o 

4— > 




a3 

(Z) 

a 



=3 

4-> 

o 

o 



03 

• yH 




c3 



60 

o 

CD 


^dJ 

• ^H 


a> 

o 

O 


CD 

C3 


o 

Oh 

c3 

C/5 

S-H 

cfl 

4-» 

</3 

CD 

4— > 

«-2 

<z> 

4-4 

C 

#f 3 

03 

60 

cd 

<D 

60 

W) 



C 

CJ 

T3 


.£ S 3 1 g 

cr 

<D 


O ^ ^ 3 

3 M ^ § 

KS <D on 2? 

8 S 

•pH GO £3 <D 

b <D Oh ctf ^ 

2 y c5 5-1 -y 

c r s c a « 

S M in n, 

P -H C U 

d n ^ ^ £ 

jr U --j <u .*3 

!/) c/3 C3 +3 P 


NASA/CP— 2006-2 14329/VOL2 


14 


CD-97-76095 



Nozzle Seal Design Considerations 

wmmmmmmmmmammmammm wmmmm mm ■■■■■■■ iqd 

Level of Seal Technology Readiness Level (TRL) can be determined by assessing 
following criteria and comparing to state-of-the-art 

■ Temperature 

- Passively vs. actively cooled seals 

■ Seal Pressures 

■ Sliding Speed 

■ Nozzle Panel-to-Sidewall Relative Thermal/Structural Growths 

■ Adjacent Wall Condition: 

- Waviness/Sealability 

- Maintaining minimum waviness requires stiffer/heavier nozzle panels 

- Surface Roughness: Wear; long term durability. 

■ Actuation Forces: 

- Actuator Weight and Size (packaging) 

- Actuator response for nozzle transients 

■ Seal Materials: 

- Resist scrubbing damage 

- Resist Oxidation 

■ Integration of seals with nozzle: 

- Space Claim in movable nozzle panel 

- Nature of sidewalls: Acoustic tiles pose unique challenges: 

» Gaps between acoustic tiles => Leaks 

» Woven tiles: Durability of seals; Durability of Acoustic panels 

■ Survivability/ Durability: 

- High Acoustic Loads 

- Long “On-wing” performance 

- Cyclic durability at temperature 
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Nozzle Seal Exit Criteria (Preliminary) 


■ Seals demonstrated at: Required operating temperatures/pressures/acoustic levels 

■ Seals exhibit satisfactory durability/change in leakage over required cycle life 

■ Seals conform to and seal unique sidewall conditions 

- Acoustic Tiles and Gaps Between 

- Accommodate anticipated waviness 

■ Seal friction loads within acceptable limits for nozzle actuators 

■ Seal failure modes and effects documented and exhibit minimum/acceptable risk 

■ Cost and Availability to meet schedule 
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BASELINE HSR INLET AND ENGINE BAY COWL SEAL REQUIREMENTS 


David Sandquist 
The Boeing Company 
Seattle, Washington 


The two dimensional bifurcated inlet, down selected for the HSR program, and the engine 
bay cowling consist of many sealing interfaces. The variable geometry characteristics of 
this inlet and the size of the propulsion system impose new sealing requirements for 
commercial transport aircraft. Major inlet systems requiring seal development and testing 
include the ramp system, the bypass/ take-off system, and die inlet/ engine interface. 

Engine bay cowling seal interfaces include the inlet/ cowling interface, the keel split line, 
the hinge beam/ engine bay cowling, and the nozzle/ cowling interface. These seals have to 
withstand supersonic flight operating temperatures and pressures with typical commercial 
aircraft reliability and lives. The operating conditions and expected seal lives will be 
identified for the various interfaces. Boeing's SST seal development program will also be 
discussed. 
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The High Speed Civil Transport’s (HSCT) propulsion system requires significant technologic 
advancements to become an economically viable product. Indifferent to the more severe 
operating conditions and variable geometry features, the HSCT propulsion system needs to 
operate with the same reliability as current subsonic systems. One area beginning to be 
addressed to meet these requirements is the inlet and engine bay cowl sealing systems. 



Agenda 
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Propulsion System Installation 
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HSCT Outboard Nacelle Installation 
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2D Bifurcated Inlet 
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2D Bifurcated Inlet 

Ramp System 
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2D Bifurcated Inlet 

Ramp System 
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2D Bifurcated Inlet 

Ramp System 
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Time at temperature 
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2D Bifurcated Inlet 

Bypass/ Takeoff System 
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Side View 
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2D Bifurcated Inlet 

Bypass/ Takeoff System 
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Side View 
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2D Bifurcated Inlet 

Bypass/ Takeoff System 
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No Hard Sealing Surface 
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2D Bifurcated Inlet 

Inlet/ Engine Interface 
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Engine Bay Cowl 
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Engine Bay Cowl 




CD 

O 

CO 

t 

CD 


LL 

05 

CD 


Q 

Q 

T 3 

o 

Q 

Q 

a 

Q 

O 

o 

■4— » 

o 

* 

DO 

m 

P- 

OD 

SO 

DO 

CD 

0 

ctf 


1 - 

h- 

CO 

1 - 

h~ 

h- 

h- 

CO 

CO 

CO 


c 

o 

H— ' 

o 

0 

CO 

CO 

CO 

O 


0 

N 


0 

v_ 

O 

-t— > 

0 

i_ 

0 

CL 

E 

0 


owe 


0 


CL 

E 

0 


o 

CO 
CO 

£ © 

CL ^ 


CL 

E .. 

0 c 


0 

C (0 T3 
0 0 0 ^ 

_ W 0 © 0 

o =6 DC ^ E 

o 05 05 ■§ >2 
“ £ .£ 5 05 

i 0 ~ = ■§ 2 

h □ 03 w < 2- 


0 _ 
0 0 0 


0 

CL 

0 

CD 

05 

O 

O 

c 

sz 

o 

0 


0 




CO 

§ 

0 

CL 

o 

O 

E 

>, 

0 

0 


CO 

CO 

0 

0 

c 

E 

05 

£= 


LLi 




0 

0 

C 

3 

, 

E 

c 

0 

o 

CL 

E 

*•#— » 
o 
0 

0 

H— 

-♦— < 

0 

05 

T5 

C 

0 

CO 

> 

0 

"CO 

Q. 

0 

O 

£E 




NASA/CP— 2006-2 14329/VOL2 


41 


<D 

JZ 

-4—* 

0 C 
JZ 0) 

a) 

E £ 
«£ 
5 c 
o o 

o *3 

^ o 

® 5= 

m ® 

_0J -Q 

•E 0 
0 .5 
£ ® 
c ^ 
© j: 

® C 

5 © 

^ 1 

i2 O) 

S w 

w © 

■5 CD 

lE 

“ E 

■° 8 
0 o 
.E to 
cn o 
c ■*= 
0 -q 
0 0 

J= ® 

«*-• c 

!! 
5 ® 
o © 

0 0 

E j= 
0 ^ 

-4— < 

co 

» 5 

o 

0 0 
0 >, 
0 CD 
.0 

0 n , 
w= C 

0 'a> 

i— 0 


“ 6 ® (o 


JO 

O) ^ 
‘■4-* CD 
0 «= 
CO 

- 4— » 
0 

— sz 

"O ^ 

5 ■- 

0 - 4 -' 

o c 
1.2 
E ^ 
8.E 
0 .>■ 

ii 

0 0 
■0 5= 

2 0 

E x: 
■2 £ 

8 § 

If 

si 

0 o 
!c 0 
* J x: 
o>;~ 

— o 

0 o 
w '0 

g> © 

1 ® 
o ~ 
o c 
>, O 

0 "O 
X2 0 

■|l 

D5 0 
C - 


3 

O 

-4— » 

8 id 

O © 

0 0 
0 Cl 


NASA/CP— 2006-2 14329/VOL2 


42 



Engine Bay Cowl 

Keel Split Line 
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Engine Bay Cowl 

Hinge Beam 
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Engine Bay Cowling 

Nozzle Cowling 
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SST Seal Development 

Mixed Compression Translating Centerbody 
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SST Seal Development 

Testing 
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SST Seal Development 

Tested Seal Configurations - Geometry 
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SST Development 

Tested Seal Configurations - Materials 
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HSCT ANTICIPATED SEAL NEEDS TURBOMACHINERY SEALS COMBUSTOR SEALS 


John Henry 
General Electric Co. 
Cincinnati, Ohio 


The High Speed Civil Transport (HSCT) engine concept is a large mixed flow turbofan similar in 
construction to current military fighter engines. The mission; however, is quite different. The engine 
will operate for long periods of time at very high Mach numbers and high altitudes. The engine is 
required to have very low emissions and noise levels to be acceptable in commercial service. The 
engine will be very large. Current thrust levels are in the 55000 lb range. At the current supercruise 
speed requirement of Mach 2.4, the Engine inlet temperature will be at least 380 degrees F . This is the 
lowest cycle temperature expected anywhere in the propulsion system. Seals will be expected to 
operate at this temperature and higher for thousands of hours without failure. Durability , cost, and 
weight will all be very important in determining the type of seals selected for a successful HSCT 
engine. 

The next phase of the High Speed Research (HSR) program will be a technology demonstration of a Ml 
scale demonstrator engine scheduled to test in 2005. This is a joint effort between NASA, Pratt 
& Whitney, and General Electric. The ground test will be full size and incorporate as much of the 
HSCT needed technology as possible at that time. The test will demonstrate noise, emissions, 
durability , as well as the manufacturing capability to make an HSCT of advanced materials. 

Weight will be very expensive in an HSCT due to the cost of fuel to go Mach 2.4. The weight of the 
seals will be assessed at a cost about an order of magnitude higher than current subsonic aircraft 
engines. Temperatures in the aft sumps pressurized with fan discharge air will be at current sealing 
material temperature limits. Pressures and speeds will be about conventional for current subsonic 
engines. Engine fluids to be sealed will be commercial current fleet standards, but the proposed high 
pressure hydraulic fluid(PFPAE) is new to the fleet. 

Based on weight considerations, the engines and nozzle accessories will not be contained in an 
environmental pod as in the past on the GE4 and 193 supersonic engines. This means that the 
accessories (and electronics) will be required to survive in a temperature environment of 380 to 500 
degrees F for very long times. This will be a severe test for the actuator and component fluid seals. The 
low noise exhaust nozzle will require several high pressure hydraulic actuators for the complex noise 
suppression and thrust reverse systems for the commercial HSCT. 

The HSCT will fly at an altitude that requires that NOx be about 85% less than current combustors. 

One of the requirements for a low NOx combustor is that cooling air to the combustion liners be reduced 
to a minimum. This may require the development of a seal similar to the spline seals currently used in 
turbines for the combustion liner segments to limit parasitic leakage. Another option under study is a 
ceramic combustion liner. In this case, a seal needs to be developed that is compatible with a metallic 
dome and with a ceramic liner at very high temperatures and last a long time for the HSCT mission. 
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2D INLET MIXED FLOW TURBOFAN MIXER/EJECTOR NOZZLE 
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Time (min) 

HSCT propulsion system components must operate at max cycle temperatures 
and stress levels for = 9000 hot hours or 30x that of current commercial 
transport engines and tactical fighter engines 





a i 

u 

SS § 

E 

e S 

• mm C 

s P 

a> s 

J= £ 

H a> 

. 43 
w5 t« 
« ti 

•E § 

c E 

S ^ 

"•§ 

WJ 3 

3 ?r 


2 S 

t- *3 

•3 u 

3 

Q) w 

43 +* 
•*-* O 
<U -c 

u flj 

S£ 

f *- 


V 

3 u 
s« v 
V u 
cu 3 

3 "rs 
ai JO 

. fos 

fl <w 

— a 

S s 

is 
* s 
5 ® 

*■* w 
.2 o 
3 

•£ £ 
5 *- 

U o 

3 

■d sm 
a> o 
is ® 

- 3 


«5 

© 5 

§3 

ai 

■4- '£ 

3 5 
a> 3 
.2 3 
5 ® 

2 w> 

22 

a .- 3 

s .£f 

w 43 

O 

H u 

g> 

5C ^ 
0 > V 

e b 

*3d * 
e w 

S g 

o 3 
•3 *-» 
5 3 

o u 

cfl V 

•a a 

3 3 

? ® 

U« -w 

V 


Sr 5 - 

U ^ _ M 


a> 


3 

B? 

2.1 

3 £ 

OJD S 

•mm jw 

S e 


NAS A/CP— 2006-2 1 4329/VOL2 


66 


will suffer especially, but the whole engine is hot due to the 380 degree inlet 
temperature. The other point is that a subsonic engine is hot for 2 minutes at 
takeoff and the sumps never have time to get full hot. This engine sets at its 
highest cycle temperatures for hours. 
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unique demands. 




Engine and Nozzle, Engine Accessory 
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Engine and Nozzle, Aircraft Accessory Side 
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Cruise emissions goal requires an 85% reduction in NOx El from current technology 
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HSR-EPM 

Combustor Liner Materials Development Prog. 



NASA/CP— 2006-2 14329/VOL2 


82 



o 



S-H 

I 


g 

s 

1 

I 

►55 

$ 


*M 

w 

Q 

<« 


it, 

73 s 

fc-S 

J « 

c 
« 

o 


s 

o 


(j 

0> 

G 

G 

8 

U 

V 

C 


W 

V 

13 

CA 

c 

£ 

o 

73 


V 
est3 


w • 

•" fl 
u © 

a« 

•J= 2 

*s *® 
g*ss 
S B 
2 e 

►ej « W 
V 4) 

A ’■d 

^ sts i 
*2 q 
«» 

i = fi 
3.2 
o.*s 

4> H 

3 §» 
s 2 

3 " 

« a 
§ os 

o ••« 

J3 — 

CA d 

ts » 

« *2 
pB g 


.S3 « 

A A 

H H 


NASA/CP— 2006-2 14329/VOL2 


83 


year. Several other attachments are 
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Conventional Design - Results in **’.002 equivalent gap width. 

-Easy to assemble/Good Compliance 
Seal Strip Material: HS188 or L605 

•Relatively low delta pressure loading could result in accelerated wear. 
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SEAL DEVELOPMENT FOR THE HSCT COMBUSTOR 


David C. Jarmon 

United Technologies Research Center 
East Hartford, Connecticut 


The combustor section of the High Speed Civil Transport (HSCT) requires high 
temperature seals to minimize leakage between CMC components. The temperature 
requirements range from 1500°F to 2100°F and the compression requirements range from 
10% to 50% . Three distinctly different Nextel braided seals have been developed to seal 
areas such as the bulkhead heatshields and lean zone outer liner. The seals range from 
0.10” dia. rope to triangular braid with 1” sides. The development of these seals is the 
result of a collaborative effort between Pratt & Whitney, FTS Inc., Techniweave Inc. and 
United Technologies Research Center. 

The specific requirements in terms of temperature, sealing and compression at 
various combustor locations will be presented. The architectures of braided Nextel seals 
developed to meet these requirements will be described and microstructures will be 
shown. Compression and sealing data will be related to the application for the various 
seals. Selected seals have metal wires incorporated into the architecture to enable brazing 
to the metallic superstructure. The results of brazing trials on these seals will be 
discussed. 
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The combustor section of the High Speed Civil Transport (HSCT) requires high 
temperature seals to minimize leakage between CMC components and the metal support 
structure. The approach to developing seals has been to build upon the Nextel braided 
seal work at NASA Lewis under the direction of Bruce Steinetz. A team consisting of the 
following companies has been working on combustor seals during 1997: Pratt & Whitney 
(technical direction & brazing). United Technologies Research Center (task management 
and benchmark testing), FTS, Inc. (analysis & modeling), Stress Engineering Services 
(flow requirements), and Techniweave Inc. (seal fabrication). To date, this team has 
defined the basic seal requirements, obtained seals, and benchmark tested these woven 
seals. The development has focused on the Rich Zone-Quench-Lean Zone (RQL) 
combustor design with the near-term task of providing seals for a NASA RQL sector rig 
test. 

The RQL sector rig requires three types of Nextel braided seals. First, a triangular 
braid seal composed of Nextel 720 will seal between the liners in the lean zone outer 
liner. The sealing requirements in this area are low; however, the temperature 
requirements are high (2400°F). The triangular braid seals experience low compression 
and act mainly as a heat shield for the metal support structure. Second, Nextel 720 rope 
seals with a diameter of 0.080” are needed along the edges of the lean transition inner 
liner. These seals are expected to get compressed approximately 20% and be exposed to 
temperatures up to o 2100°F. Third, Nextel 550 rope seals with a diameter of 0.100” are 
required for the bulkhead heatshield, sidewalls, and in the metal retention grooves of the 
lean zone outer liner. These seals may experience compressions of up to 50%. 

The remainder of the discussion will focus on the rope seals since they present the 
most significant development challenge. The rope seals must be able to balance 
compression requirements with permeability requirements. In other words, the seals must 
minimize gas leakage while being able to be compressed with low force. The 0.100” 
diameter rope seals in the lean zone outer liner will be compressed 70% at room 
temperature and to 50% at 2200°F. In addition, one side of rope seals need to be able to 
seal against the rough surface of the SiC/SiC composite, while the other side is bonded to 
the metal support structure. 

Bonding of the rope seals to the metal support structure is required for assembly and 
positioning. This bonding is accomplished by incorporating longitudinal metal wires 
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along one side and brazing these wires to the support structure. Techniweave, Inc. has 
successfully woven Inconel 600 wire into the rope seals, and Pratt & Whitney has 
successfully brazed these seals to Inconel 625 panels using a vacuum furnace. The 
Inconel wire must be exposed on the surface of the rope seal for a good braze bond to be 
obtained. Techniweave also developed procedures for incorporating colored tracer fiber 
on the opposite side of the brazed wires to facilitate positioning for brazing. 

Based on Pratt & Whitney’s requirements, Techniweave has woven eleven variations 
of the 0.100” diameter rope seal. The rope seal consists of an inner core of unidirectional 
fibers and an outer region of over-braid. The unidirectional core has low permeability 
and the outer over-braid provides compressibility while holding the seal together. In 
order to produce a highly compressible weave, the unidirectional core was completely left 
out of rope seal #9. The various weaves were compression tested and flow tested at 
UTRC. The compression testing involved compressing the 0.100” diameter seal to 
0.080”, 0.070”, 0.060” and 0.050”. Three loading repetitions were performed at each 
compression distance, and a virgin section of braid was used at each distance. Several of 
the early rope seals required in excess of 900 lb per inch to be compressed 50%, which 
was unacceptably high for the lean zone outer liner. The hollow core rope seal (#9) 
required only 31 lb per inch to compress 50%, with only a 0.021” permanent set after 
three compression cycles. 

Flow testing was performed by compressing a circular section of rope seal to the 
desired thickness between two metal plates. The rope seal ends were joined with RTV 
sealant in order to insure that the gas flow was within the rope seal. The gas flow was 
increased in the flow test fixture until the desired gas pressure was achieved and held (1 
to 10 psi). The gas flow required to maintain a constant pressure was recorded. Using 
this procedure, the leakage rate as a function of gas pressure and percent compression was 
measured for several of the rope seals. At 2 psi and 50% compression, the hollow core 
rope seal #9 had a leakage rate of 0.045 SCFM / in. The analysis is in process to 
determine the acceptable level of leakage for the various locations in the sector rig. 
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NASA Lewis Research Center 
Cleveland , Ohio 
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Seal Effort Contributors 
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Note : Nextel rope seal is based on work at NASA Lewis Research Center by Bruce Steinetz 



RQL Nextel Braided Seals Requirements 
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Lean Zone Outer Liner 
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Rone Seal in Lean Zone Outer Liner at RT & 2200° F 
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Rope Seal Structure 
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Braid Rope Seals 
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DCJc97-24.cdr 
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Compression of Rope Seal No. 4 From 0.100" to 0.080 
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Compression from 0.100" (inches) 


Compression of Rope Seal No. 4 From 0.1 00" to 0.080". 0.070". 0.060" & 0.050 







Rope Seal Compression Load and Set 
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Braid Seal Flow Test Rig 
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Load and Flow Data as a Function of Compression for 





Load and Flow Data as a Function of Compression for 
Filled Core Nextel Rope Seal No. 10 at 2 osi Gas Pressure 
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Load and Flow Data as a Function of Compression for 
Filled Core Nextel Rope Seal No. 1 1 at 2 psi Gas Pressure 
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Compression of 0.10" Diameter Braid (in) 



Leakage Rate as a Function of Gas Pressure and % 
Compression for Hollow Core Nextel Rooe Seal No. I 
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Leakage Rate as a Function of Gas Pressure and % 
Compression for Filled Core Nextel Rope Seal No. 10 
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Leakage Rate as a Function of Gas Pressure and % 
Compression for Filled Core Nextel Rope Seal No. 1 1 



Gas Pressure 
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Longitudinal metal wires successfully braided into rope seals by 
Techniweave and seals successfully brazed to Inconel panel by P&W 



HSCT EXHAUST SYSTEM ANTICIPATED SEAL NEEDS 


Larry Vacek 
General Electric 
Cincinnati, Ohio 


HSCT Exhaust System 
Anticipated Regions Requiring Seals 

Throat A 8 


1 Secondary Inlet Door 

2 Transition Duct 

j , 3 Actuator Linkage 

Q 4 Mixer 

EL 5 Convergent Flap 

6 Convergent Disk 
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HIGH SPEED CIVIL TRANSPORT 
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jan/Udrv/vacek_l 5.ppt 
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HSCT 

HIGH SPEED CIVIL TRANSPORT CHART 3 
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HIGH SPEED CIVIL TRANSPORT 
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HIGH SPEED CIVIL TRANSPORT 
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i VUY V/V/IUUIUIUWIVI , . _ , r* 

. Access to Seal Difficult with Door Suppressed Posttton 

Installed . Preferred Dest e n 



• Preferred Design for Region 13 * Gives Access to Door Hin 8 e Lu & 
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jan/Udrv/vacek_20.ppt 





4> 

CO CO 

• • • 


o 

o c 
to o 
r- o 
1 c 
X ~ 


C3 

V 

CO 

i 

U3 


13 ^ E 


•a 


3 5 


C -j 

e H 


O K 

Q 3 
j- /— v 5 — 

= | It 

s i?x 

~ o 5 c 
s; « > c 
32 c o c 

Sup 

'5 fc* -E 
gf « « 7 
o!Cm2 

• • i 


NASA/CP— 2006-2 14329/VOL2 


124 


Suppressed Position * In Secondary Flow Stream when in 

• Preferred Design Suppressed Position 
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HSCT 

HIGH SPEED CIVIL TRANSPORT CHART 11 
For Region 1C: 
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HSCT 

HIGH SPEED CIVIL TRANSPORT CHART 12 
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HIGH SPEED CIVIL TRANSPORT 
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HSCT 

HIGH SPEED CIVIL TRANSPORT CHART 15 
For Region 4: 
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Directions • Mixer Material: R108 

• Preferred Design • Allows Less Thermal Freedom 

jan/Udrv/vacek_IO.ppt 
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• Requires Minimal Envelope • Structure Material: Ti 6242/Adv. Ti 

• Preferred Design • Requires large envelope 
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HIGH SPEED CIVIL TRANSPORT CHART 17 

For Regions 5B & 11: 
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HIGH SPEED CIVIL TRANSPORT 
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HIGH SPEED CI VIL TRANSPORT CHART 19 
For Region 10: 
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• Conv. Flap Material: Inconel 718 

• Diver. Flap Material: TiAl 



HIGH SPEED CIVIL TRANSPORT 



NASA/CP— 2006-2 14329/VOL2 


143 


jan/Udrv/vacek_29.ppt 



REPORT DOCUMENTATION PAGE 

Form Approved 
OMB No. 0704-0188 

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, 
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this 
collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson 
Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503. 

1 . AGENCY USE ONLY (Leave blank) 

2. REPORT DATE 

May 2006 

3. REPORT TYPE AND DATES COVERED 

Conference Publication 

4. TITLE AND SUBTITLE 

5. FUNDING NUMBERS 


Seals/Secondary Fluid Flows Workshop 1997 
HSR Engine Special Session 


6. AUTHOR(S) 


Robert C. Hendricks, editor 


WBS-22-7 14-09^16 


7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

National Aeronautics and Space Administration 
John H. Glenn Research Center at Lewis Field 
Cleveland, Ohio 44135-3191 


8. PERFORMING ORGANIZATION 
REPORT NUMBER 


E- 15561-2 


9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

National Aeronautics and Space Administration 
Washington, DC 20546-0001 


10. SPONSORING/MONITORING 
AGENCY REPORT NUMBER 


NASA CP -2006-2 14329-V OL2 


11. SUPPLEMENTARY NOTES 

This printing with corrected title replaces copies previously received. Proceedings of the Seals/Secondary Fluid Flows 
Workshop 1997, HSR Engine Special Session, sponsored by Glenn Research Center, Cleveland, Ohio, October 15-16, 
1997. Responsible person, Robert C. Hendricks, organization code R, 216-977-7507. 


12a. DISTRIBUTION/AVAILABILITY STATEMENT 

Unclassified - Unlimited 
Subject Categories: 07 and 37 

Available electronically at http://gltrs.grc.nasa.gov 

This publication is available from the NASA Center for AeroSpace Information, 30 1-62 1-0390. 


12b. DISTRIBUTION CODE 


13. ABSTRACT (Maximum 200 words) 

The High Speed Civil Transport (HSCT) will be the largest engine ever built and operated at maximum conditions for 
long periods of time. It is being developed collaboratively with NASA, FAA, Boeing-McDonnell Douglas, Pratt & 
Whitney, and General Electric. This document provides an initial step toward defining high speed research (HSR) sealing 
needs. The overview for HSR seals includes defining objectives, summarizing sealing and material requirements, 
presenting relevant seal cross-sections, and identifying technology needs. Overview presentations are given for the inlet, 
turbomachinery, combustor and nozzle. The HSCT and HSR seal issues center on durability and efficiency of rotating 
equipment seals, structural seals and high speed bearing and sump seals. Tighter clearances, propulsion system size and 
thermal requirements challenge component designers. 


14. SUBJECT TERMS 

Seals; Supersonic; Engine; Inlet; Turbomachinery; Combustor; Nozzle 


15. NUMBER OF PAGES 

150 


16. PRICE CODE 


17. SECURITY CLASSIFICATION 
OF REPORT 

Unclassified 


18. SECURITY CLASSIFICATION 
OF THIS PAGE 

Unclassified 


19. SECURITY CLASSIFICATION 
OF ABSTRACT 

Unclassified 


20. LIMITATION OF ABSTRACT 


NSN 7540-01-280-5500 


Standard Form 298 (Rev. 2-89) 
Prescribed by ANSI Std. Z39-18 
298-102 




